We perform numerical computations to investigate the dynamical evolution of axisymmetric gravitational waves in asymptotically de Sitter spacetime. The final fates of such spacetimes are classified into two types: (1) de Sitter spacetime with small perturbations, and (2) Schwarzschild-de Sitter-like spacetime with both black-hole and cosmological apparent horizons. We also Gnd that if the mass of gravitational waves is larger than the critical value, M";, =-(3&A), then the black hole is not formed even in the case that there exist highly nonlinear localized gravitational waves. In such a case, the Universe is initially dominated by gravitational waves rather than a cosmological constant A and eventually approaches a de Sitter universe. These results are consistent with the previous analysis by use of initial data.
I. INTRODUCTION
Gravitational collapse is one of the most important issues in general relativity. In asymptotically flat spacetime, it is well known that the concentration of a large amount of inhomogeneities causes the trapped region and results in the formation of a black hole if cosmic censorship is true [I] . If [2] . If the de Sitter universe (an inflationary phase) is the attractor of spacetimes with a cosmological constant A, i.e. , if the so-called cosmic no-hair conjecture [3] (CNC) is trueinfi, ation is a quite natural and universal phenomenon in the history of the Universe. The present isotropy and homogeneity of the Universe is easily understood.
Therefore, in connection with the CNC, as well as from the point of view of mathematical simplicity, the behavior of inhomogeneities in asymptotically de Sitter spacetime [4] is an interesting subject to show the generality of inflation. From the point of view of dynamics of general relativity, it is also important to see the di8'erence between gravitational collapse in asymptotically flat spacetime and the cosmological one.
There are analytic "black-hole" solutions in asymptoti- [7] or Einstein-Rosen bridges [8] ' /=&a(t)P with a(t)=e (2.15) so that $~1 for r +00. (1) Evolution equation of g:
(2) Evolution equations of the extrinsic curvature: Then we look for the formation of the BAH and CAH.
Here it should be noted that the CAH depends on the location of an "observer. " However our interest is the effect of the gravitational waves on cosmic expansion and hence we focus on the CAH enclosing the center in our simulation.
In Fig. 4 we show the summary of our results. According to it, the time evolution of gravitational waves is Recently, Shiromizu et al. [4] and Hayward, Shiromizu, and Nakao [9] [22] . Although In the case with A&0, we can also 6nd the analytic solution of linearized gravitational waves [12] . First, we express the metric of three-space as y;l. =a (t)(f; +it;, ) .
(A17) by which we find g of Eq. (4.1) from Eq. (A13).
In Fig. 3(a) we compare the numerical result and the analytic solution of q at the outer numerical boundary in the equatorial plane in the case that A =0.01. In Fig. 3(b) we compare the numerical result and the analytic solution of g at r =3. 5ro in the equatorial plane in the case that A =0.01 and H =1.0X10
